A two-year-long investigation on the dynamics of the structure and biodiversity of macrozoobenthos was conducted in the Fubao Bay of Dianchi Lake, Southwest China. A high level of organic pollution has been detected in this Bay for the last 10 years. In all, 31 benthic taxa belonging to eight families and 20 genera were identified. Oligochaeta dominated this ecosystem, comprising 53 to 99% of the total abundance and 75 to 99% of the total wet biomass. The standing crop of the solely dominant species Limnodrilus hoffmeisteri rose sharply in the two-year period: It increased from 46% of the total abundance to 73% and from 73% of the wet biomass to 99% in second year. One-way analysis of variance (ANOVA) revealed that there was no significant difference (p > 0.05) in the richness value for all and the most predominant groups between the two years. However, significant differences were detected between the total and oligochaete abundances (p < 0. ) in January, 2008. The annual mean standing crop increased nearly 10 times in density and eight times in wet biomass between the two years, and this increase was mainly contributed by oligochaetes. Analyses of three diversity indices and the K-dominance curve revealed that there was a significant difference between the two years. Multiple regression analysis indicated that the dynamics of the biomass of macrozoobenthos could be largely attributed to nitrate nitrogen.
INTRODUCTION
Economic development in China is associated with an increase in the pollution levels. The inflow of effluents of different kinds due to anthropogenic activities has become a major threat to the quality of water, particularly in urban lakes (Liang, 2007; Jing et al., 2006) . These activities *Corresponding author. E-mail: zhcxie@ihb.ac.cn.
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cause a diverse range of stresses to lake ecosystems and affect biota at different temporal and spatial scales. The effects of damage to these lake ecosystems are typically seen in the form of the disappearance of vegetation, a sharp increase in the amount of organic matter, and frequent occurrence of algal bloom.
In most cases, macrozoobenthos fauna have been successfully used as indicators of biological integrity, environmental degradation, and water quality (Brinkhurst and Jamieson, 1971; Aston, 1973; Roy et al., 2003; Ndaruga et al., 2004) . The sensitivity and tolerance to pollution exhibited by different members of this group vary considerably from species to species. The composition of a macrozoobenthos community at any given point in a lake, therefore, reflects the average water quality at that particular point (Roy et al., 2003) . Due to this specificity, examining the nature of macrozoobenthos is a valuable tool in water quality assessment.
Lake Dianchi, which is one of the largest shallow lakes in Yunnan Province of Southwest China, is bordered by the south of Kunming City and has, therefore, become highly polluted with industrial and agricultural pollutants and domestic waste. Since the 1960s, Lake Dianchi has shown very rapid eutrophication, and a recent study on the trophic state of Lake Dianchi revealed that the total phosphorus and total nitrogen concentrations are much higher than former levels (Fang et al., 2004; Guo, 2002) . Others variables such as the nature of zoobenthos and the frequent occurrence of cyanobacterial blooms during the year confirmed the high degree of eutrophication in this lake (Wang, 1985; Wang et al., 2002 Wang et al., , 2003 .
Our work attempts to elucidate the dynamics of the community structure and biodiversity of macrozoobenthos in a hypereutrophic Bay of Lake Dianchi. Furthermore, we seek to determine whether there is any relationship between the macrozoobenthic community and environmental variables.
MATERIALS AND METHODS
The Fubao Bay, where this study was carried out, is located at the north of Lake Dianchi (102°41'E, 24°56'N) (Figure 1 ). Quarterly All samples were sieved with a 450-μm sieve. The specimens were manually sorted out from the sediment on a white porcelain plate and preserved in 10% formalin. In the laboratory, the animals were identified to the lowest possible taxon, on the basis of keys developed by Morse and Yang (1994) , Epler (2001) , Brinkhurst (1986) , and Liu et al. (1979) . Physicochemical variables determining the water quality, including water temperature (T), pH, secchi depth (SD), dissolved oxygen (DO), total nitrogen (TN), total phosphorus (TP), ammonium nitrogen (NH4-N), nitrate nitrogen (NO3-N), nitrite nitrogen (NO2-N), suspended substance (SS), chemical oxygen demand (COD) and biochemical oxygen demand (BOD) are listed in Table 1 according to the Chinese standard method for the assessment of water quality in lakes (Huang et al., 1999) . We evaluated the variation in the properties of macrozoobenthos (density, biomass, and biodiversity) using one-way analysis of variance (ANOVA). A logarithmic transformation (log(x+1)) was used to normalize the variance of the density and biomass of macrozoobenthos. The biodiversity of macrozoobenthos was assessed using K-dominance curves (Platt et al., 1984) and three indices (Margalef, Simpson, and Shannon-Wiener) . The relationship between the characteristics of macrozoobenthos (density and biomass) and environmental variables were analyzed using multivariate regression analyses with stepwise selection. All statistical analyses were carried out on SPSS 13.0 for Windows.
RESULTS
In total, 31 benthic taxa belonging to eight families and 20 genera were identified using quantitative samples collected over two years ( Table 2 ). The numerically dominant taxa were Oligochaeta (13 taxa) and Chironomidae (8 taxa), comprising 58.8% and 29.4% of all the species, respectively. Although the total richness value and those for the most predominant groups were relatively higher in the first year than in the second, the differences between the values for the two years were not significant (Table 4) .
Oligochaetes were the most predominant groups in the ) in January, 2008. In the two years, the annual mean standing crop increased by nearly 10 times in density and 8 times in wet biomass, and this increase was mainly contributed by oligochaetes (Table 3) . ANOVA revealed a significant difference between the total and oligochaete abundances (p < 0.05) ( Table 4) .
Limnodrilus hoffmeisteri was the absolutely dominant species in Fubao Bay, and contributed to up to 46% and 99% of the total abundance and 73% and 99% of the total wet biomass in the two years. One-way ANOVA revealed that there was a significant difference in the density (F = 9.258, p = 0.023) and biomass (F = 8.516 A comparison of the K-dominance curves of macroinvertebrate assemblages for the two years revealed that the diversity of macroinvertebrates in first year was higher than that in second year (Figure 3) . A similar trend was observed in the values of the three indices determined for the two years (Table 4, Table 5 )).
A significant correlation was observed between the biomass of macrozoobenthos and the concentrations of NO 3 -N, NO 2 -N, SS and BOD in the Fubao Bay (Table 6 ).
Stepwise multiple regressions revealed that NO 3 -N concentration was a significant factor that influenced community biomass variance and could be attributed to 49.5%, 51.0%, and 44.9% of the total variation in the total biomass and in the biomasses of oligochaetes and chironomids, respectively (Table 7) .
DISCUSSION
Eutrophication affects the richness and diversity of the macroinvertebrate community (Heip, 1995) . It is argued that the increase of organic matter in the sediment associated with the decrease of dissolved oxygen are the deterministic factors determining the elimination or replacement of species (Heip, 1995; Grall and Chauvaud, 2002) . However, an increased sedimentation of organic matter is harmful to some benthic species due to siltation, habitat modification, and oxygen depletion, which are caused by high decomposition rates (Grall and Chauvaud, 2002) . The macrobenthic succession in the Fubao Bay is clearly influenced by changes in the physicochemical characteristics of the water column and sediment. The amount and accumulation rate of organic matter in the sediments are key factors determining the succession pattern. A model of the changes in the structure of the zoobenthic community due to organic enrichment was presented by Pearson and Rosenberg (1978) . This model indicates that the early stages of eutrophication and organic matter enrichment are often followed by increase in the abundance and number of species. If enrichment continues, the macrofauna disappears, and the sediment eventually becomes azoic. Although the model was developed and used for the analyses of marine systems that have experienced long-term eutrophication (Heip, 1995; Grall and Chauvaud, 2002) , it explains the temporal pattern recorded in the Fubao Bay very well. Many studies have documented that the amount of zoobenthos increased with the accumulation of organic matter in sediments (Gong and Xie, 2001; Lang, 1997; Lang and Reymond, 1996) . These findings are consistent with our results. The sharp increase in the standing crops of macrozoobenthos in the Fubao Bay was mainly attributable to oligochaetes, especially Limnodrilus hoffmeisteri. Oligochaete communities respond to the increase in the black layer and an increase in the organic sedimentation in similar fashions (Lang and Hutter, 1981; Zhong et al., 2008) . This results in an increase in the nutrition available for tolerant species, but a decrease in the amount of oxygen available for those intolerant. Therefore, the abundance of mesotrophic and eutrophic species increases, while that of oligotrophic species decreases.
The decomposition of organic matter led to oxygen depletion in the sediment and, in turn, to its enrichment with nutrients. This enrichment is known to generate an increase in the levels of NO 3 -N in the interstitial water (Hansen et al., 1998) . Due to their toxicity, NO 3 -N at high concentrations are considered to be key factors in the succession of benthic macroinvertebrates (Wilson et al., 1995; Frazier et al., 1996; Sparks and Sandusky, 1981) . ). **, Correlation is significant at the 0.01 level; *, at the 0.05 level. ).
